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(57) ABSTRACT

Process for preparing 1,3-disubstituted imidazolium salts of
the formula I

where

R1 and R3 are each, independently of one another, an
organic radical having from 1 to 20 carbon atoms,

R2, R4 and RS are each, independently of one another, an
H atom or an organic radical having from 1 to 20 carbon
atoms,

X is the anion of a hydrogen acid having a pK, of at least 2
(measured at 25° C., 1 bar in water or dimethyl sulfox-
ide) and

nis 1, 2 or 3,

wherein

a) an a.-dicarbonyl compound, an aldehyde, an amine and
the hydrogen acid of the anion X~ are reacted with one
another and

b) the reaction is carried out in water, a solvent which is
miscible with water or a mixture thereof.

25 Claims, No Drawings
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METHOD FOR THE PRODUCTION OF
DISUBSTITUTED IMIDAZOLIUM SALTS

The invention relates to a process for preparing 1,3-disub-
stituted imidazolium salts of the formula I

R4

where

R1 and R3 are each, independently of one another, an organic
radical having from 1 to 20 carbon atoms,

R2, R4 and RS are each, independently of one another, an H
atom or an organic radical having from 1 to 20 carbon
atoms,

X is the anion of a hydrogen acid having a pK, of at least 2
(measured at 25° C., 1 bar in water or dimethyl sulfoxide)
and

nis 1, 2 or3,

wherein

a) an a-dicarbonyl compound, an aldehyde, an amine and the
hydrogen acid of the anion X~ are reacted with one another
and

b) the reaction is carried out in water, a solvent which is
miscible with water or a mixture thereof.

Imidazolium salts have great importance as ionic liquids.
For the purposes of the present invention, ionic liquids are
salts having a melting point of less than 200° C., in particular
salts which are liquid at room temperature.

Ionic liquids, in particular imidazolium salts, are suitable,
for example, as solvents in many industrial applications, e.g.
for the dissolution of cellulose.

Very simple and inexpensive processes for preparing such
imidazolium salts in very high purity and quality are therefore
desirable.

WO 91/14678 describes a single-stage process for prepar-
ing imidazolium salts from an a-dicarbonyl compound, an
aldehyde, an amine and an acid. Water is removed by azeo-
tropic distillation using toluene as entrainer. The process
described is a batch process; a continuous process involving
an azeotropic distillation is generally not possible.

Undesirable by-products, in particular the ammonium salt
of the acid used, are obtained in this reaction. Preferred acids
are strong acids having a pK, of less than 4. Furthermore, the
reaction is carried out in an organic solvent. The organic
solvent and the water formed in the reaction have to be
removed in a complicated fashion by azeotropic distillation.
Owing to other by-products, the reaction product obtained
has a dark to black color.

A similar process is known from WO 02/94883. Here,
hydrophobic, e.g. fluorinated, anions are used so that the
products form a separate phase and can easily be separated off
from the aqueous phase. The process described here is also a
batch process.

The single-stage processes known hitherto for preparing
imidazolium salts therefore do not yet meet the above require-
ments to a satisfactory extent.

It is therefore an object of the present invention to provide
a process for preparing imidazolium salts, which is very
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simple to carry out and therefore inexpensive and gives reac-
tion products in high yield and quality.

We have accordingly found the process defined at the out-
set.
Imidazolium Salts

According to the invention, 1,3-disubstituted imidazolium
salts of the formula I

where

R1 and R3 are each, independently of one another, an organic
radical having from 1 to 20 carbon atoms,

R2, R4 and RS are each, independently of one another, an H
atom or an organic radical having from 1 to 20 carbon
atoms,

X is the anion of a hydrogen acid having a pK,, of at least 2
(measured at 25° C., 1 bar in water or dimethyl sulfoxide)
and

nis 1, 2 or 3, are prepared.

Preferenceis given to R1 and R3 each being, independently
of one another, an organic radical having from 1 to 10 carbon
atoms. The organic radical can also comprise further heteoa-
toms, in particular oxygen atoms, for example hydroxyl
groups, ether groups, ester groups or carbonyl groups.

In particular, R1 and R3 are each a hydrocarbon radical
which can comprise hydroxyl groups, ether groups, ester
groups or carbonyl groups in addition to carbon and hydro-
gen.

Particular preference is given to R1 and R3 each being,
independently of one another, a hydrocarbon radical which
has from 1 to 20 carbon atoms, in particular from 1 to 10
carbon atoms, and comprises no other heteroatoms, e.g. oxy-
gen or nitrogen. The hydrocarbon radical can be aliphatic
(which also includes unsaturated aliphatic groups) or aro-
matic or comprise both aromatic and aliphatic groups. Pref-
erence is given to R1 and R2 being an aliphatic hydrocarbon
radical.

Possible hydrocarbon radicals are, for example, the phenyl
group, benzyl group, a phenyl group or benzyl group substi-
tuted by one or more C1-C4-alkyl groups, alkyl groups and
alkenyl groups, in particular the allyl group.

Very particular preference is given to R1 and R3 each being
a C1-C10-alkyl group. As alkyl group, particular preference
is given to a C1-C6-alkyl group, and in a particular embodi-
ment the alkyl group is a C1-C4-alkyl group.

Very particular preference is given to R1 and R3 each
being, independently of one another, a methyl, ethyl, n-pro-
pyl, isopropyl, n-butyl, sec-butyl or tert-butyl group, with the
methyl, ethyl, n-propyl and n-butyl groups being of particular
importance.

In a preferred embodiment, R1 and R3 are each the same
organic radical; the imidazolium salts of the formula I are
therefore particularly preferably symmetrical, disubstituted
imidazolium salts.

In a likewise preferred embodiment, the imidazolium salts
are mixtures of imidazolium salts of the formula I having
different radicals R1 and R3. Such mixtures can be obtained
by use of different amines, e.g. primary amines having dif-
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ferent alkyl groups. The mixture obtained then comprises
both imidazolium salts in which R1 and R3 are identical and
imidazoliuim salts in which R1 and R3 have different mean-
ings.

In a particular embodiment:

R1 and R3 are each a methyl group,

R1 and R3 are each an ethyl group,

R1 and R3 are each an n-propyl group,

R1 and R3 are each an n-butyl group,

R1 is a methyl group and R3 is an ethyl group,
R1 is a methyl group and R3 is an n-propyl group,
R1 is a methyl group and R3 is an n-butyl group,
R1 is a methyl group and R3 is an allyl group,
R1 is an ethyl group and R3 is an allyl group,

R1 is a methyl group and R3 is a benzyl group,
R1 is an ethyl group and R3 is a benzyl group.

R2, R4 and RS are each, independently of one another, an
H atom or an organic radical having from 1 to 20 carbon
atoms, with R4 and R5 together also being able to form an
aliphatic or aromatic ring. The organic radical can also com-
prise heteroatoms such as nitrogen or oxygen in addition to
carbon and hydrogen; it can preferably comprise oxygen, in
particular in the form of hydroxyl groups, ester groups, ether
groups or carbonyl groups.

In particularly, R2, R4 and R5 are each, independently of
one another, an H atom or a hydrocarbon radical which can
also comprise at most hydroxyl groups, ether groups, ester
groups or carbonyl groups in addition to carbon and hydro-
gen.

Preference is given to R2, R4 and RS each being, indepen-
dently of one another, a hydrogen atom or a hydrocarbon
radical which has from 1 to 20 carbon atoms, in particular
from 1 to 10 carbon atoms, and comprises no other heteroa-
toms, e.g. oxygen or nitrogen. The hydrocarbon radical canbe
aliphatic (which also includes unsaturated aliphatic groups)
or aromatic or comprise both aromatic and aliphatic groups,
with R4 and RS also being able to form an aromatic or ali-
phatic hydrocarbon ring which may optionally be substituted
by further aromatic or aliphatic hydrocarbon groups (the
number of carbon atoms of the optionally substituted hydro-
carbon ring including the substituents can preferably be a
maximum of 40, in particular a maximum of 20, particularly
preferably a maximum of 15 or a maximum of 10).

As hydrocarbon radicals, mention may be made of, for
example, the phenyl group, the benzyl group, a phenyl group
or benzyl group substituted by one or more C1-C4-alkyl
groups, alkyl groups, alkenyl groups and, when R4 and RS
form a ring, an aromatic 5-or 6-membered ring formed by R4
and RS, a cyclohexene or cyclopentene ring, with these ring
systems being able, in particular, to be substituted by one or
more C1-C10 alkyl groups, in particular C1-C4-alkyl groups.

Aliphatic hydrocarbon radicals are preferred as hydrocar-
bon radicals.

Particular preference is given to R2, R4 and RS each being,
independently of one another, an H atom, a C1-C8-alkyl
group or a C1-C8-alkenyl group, e.g. an allyl group.

Very particular preference is given to R2, R4 and R5 each
being, independently of one another, an H atom, a methyl,
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl or tert-butyl
group, with the methyl, ethyl, n-propyl and n-butyl groups
being of particular importance.

In a particular embodiment, R2 is, independently of the
other radicals R4 and R5 and the other radicals R1 and R3, an
H atom. Imidazolium salts of the formula I in which R2 is an
H atom are particularly advantageous for the purposes of the
present invention: they have good solubility in epoxy com-
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pounds and are very effective as latent catalyst. In a particular
embodiment, R2 is an H atom when the anion is an acetate.

In a particular embodiment,

R2, R4 and R5 are each an H atom,
R2 is an H atom or a C1-C4-alkyl group and R4, RS are each
an H atom or a C1-C4-alkyl group.

As individual cases of the cations of the compounds of the
formula I, mention may be made of:
1-butyl-3-methylimidazolium (R 1=butyl, R3=methyl)
1-butyl-3-ethylimidazolium (R 1=butyl, R3=ethyl)
1,3-dimethylimidazolium (R1=methyl, R3=methyl)
1-ethyl-3-methylimidazolium (R1=ethyl, R3=methyl)
1-ethyl-2,3 dimethylimidazolium (Rl=ethyl, R2=methyl,

R3=methyl)

In formula I, n is 1, 2 or 3; the anion accordingly has one,
two or three negative charges and one, two or three imidazo-
lium cations are accordingly present in the salt.

nis preferably 1 or 2, particularly preferably 1; the anion is
therefore particularly preferably monovalent.

In formula I, X is the anion of ahydrogen acid having a pK,,
ofatleast 2, in particular at least 3 and in a particular embodi-
ment at least 4 (measured at 25° C., 1 bar in water or dimethyl
sulfoxide).

The pK,, of the hydrogen acid of the anion X is preferably
from 2 to 15, preferably from 3 to 15, in particular from 3 to
8 and particularly preferably from 4 to 6.

The pk, is the logarithm to the base 10 of the acidity
constant K . The pK,, is for this purpose measured at 25° C.,
1 bar, either in water or dimethyl sulfoxide as solvent; accord-
ing to the invention, it is therefore sufficient for an anion to
have the appropriate pK, either in water or in dimethyl sul-
foxide. Dimethyl sulfoxide is used particularly when the
anion is not readily soluble in water. Literature data for the
two solvents may be found in standard textbooks.

Suitable anions X~ are, in particular, compounds having
one or more carboxylate groups (carboxylates for short)
which have the above pk,.

As such carboxylates, mention may be made of, in particu-
lar, organic compounds which have from 1 to 20 carbon atoms
and comprise one or two carboxylate groups, preferably one
carboxylate group.

The carboxylates can be either aliphatic or aromatic com-
pounds. For the present purposes, aromatic compounds are
compounds comprising aromatic groups. Particular prefer-
ence is given to aliphatic or aromatic compounds which com-
prise no further heteroatoms apart from the oxygen atoms of
the carboxylate group or comprise at most one or two
hydroxyl groups, carbonyl groups or ether groups. Very par-
ticular preference is given to aliphatic or aromatic compounds
which comprise no further heteroatoms apart from the oxy-
gen atoms of the carboxylate group.

As compounds having two carboxylate groups, mention
may be made of, for example, the anions of phthalic acid, of
isophthalic acid, of C2-C6-dicarboxylic acids, e.g. oxalic
acid, malonic acid, succinic acid, glutaric acid, adipic acid.

As compounds having one carboxylate group, mention
may be made of the anions of aromatic, aliphatic, saturated or
unsaturated C1-C20-carboxylic acids, in particular alkan-
ecarboxylic acids, alkenecarboxylic acids, alkynecarboxylic
acids, alkadienecarboxylic acids, alkatrienecarboxylic acids,
hydroxycarboxylic acids or ketocarboxylic acids or aromatic
carboxylic acids such as benzoic acid or phenylacetic acid.
Suitable alkanecarboxylic acids, alkenecarboxylic acids and
alkadienecarboxylic acids are also known as fatty acids.

As anions X, mention may be made of] in particular, the
benzoate anion and the anions of C1-C20-alkanecarboxylic
acids which may optionally be substituted by one or two
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hydroxy groups, preferably one hydroxy group. Particular
preference is given to the benzoate anion and the anions of
C2-C20-alkanecarboxylic acids; in particular the acetate
anion and propionate anion; very particularly preferably the
acetate anion. Preferred imidazolium salts of the formula I are
soluble in water or miscible with water. In particular, the
solubility in water or miscibility with water is at least 50
grams of imidazolium salt, particularly preferably atleast 100
grams of imidazolium salt, very particularly preferably at
least 200 grams of imidazolium salt and in particular at least
300 grams of imidazolium salt, per 1 liter of water (at 1 bar,
21°C)).

As imidazolium salts, mention may be made of, in particu-
lar,
1,3-disubstituted imidazolium salts of the formula I in which

R1 and R3 are identical

and

X is a compound having a carboxylate group,
and particularly preferably
1,3-disubstituted imidazolium salts of the formula I in which

R1 and R3 are identical and are each a C,-C,-alkyl group,

in particular an ethyl group,

R2, R4 and R5 are each an H atom

and X is an acetate anion or a propionate anion.
Starting Compounds for the Preparation

According to the invention, an a.-dicarbonyl compound, an
aldehyde, an amine and a hydrogen acid of the anion X~ are
reacted with one another.

The above starting compounds are selected according to
the desired radicals R1 to RS in formula I.

The a-dicarbonyl compound is preferably a compound of
the formula II

R4-CO—CO—RS,

where R4 and RS are as defined above.

Particular preference is given to glyoxal.

The aldehyde is, in particular, an aldehyde of the formula
R2-CHO, where R2 is as defined above. Particular preference
is given to formaldehyde; the formaldehyde can also be used
in the form of formaldehyde-liberating compounds such as
paraformaldehyde or trioxane.

The amines are, in particular, primary amines of the type
R—NH2. The radical R corresponds to theradicals R1 and R3
of the imidazolium salts obtained. If one defined primary
amine is used, an imidazolium salt in which the radicals R1
and R3 are identical is obtained. If a mixture of amines (e.g.
mixture of R—NH2 and R"—NH?2) is used, a mixture of
imidazolium salts (mixture of salts in which R1 and R3=R’,
R1 and R3=R" and salts in which R1=R' and R3=R" is
obtained).

The hydrogen acid is the desired hydrogen acid of the anion
X, preferably an alkanecarboxylic acid, particularly prefer-
ably acetic acid.

Way of Carrying Out the Process

According to the invention, the reaction of the starting
compounds is carried out in water, a solvent which is miscible
with water or a mixture thereof.

As solvents which are miscible with water, mention may be
made of, in particular, protic solvents, preferably aliphatic
alcohols or ethers having a maximum of 4 carbon atoms, e.g.
methanol, ethanol, methyl ethyl ether, tetrahydrofuran. Suit-
able protic solvents are miscible in any ratio with water (at 1
bar, 21° C.).

The reaction is preferably carried out in water or mixtures
of water with the above protic solvents. The reaction is par-
ticularly preferably carried out in water.

The removal of the water or solvent after the reaction is
preferably carried out without using hydrophobic organic
solvents which are not miscible with water (hydrocarbons,
e.g. toluene) as entrainers.
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The reaction mixture particularly preferably does not con-
tain any hydrophobic organic solvents which are immiscible
with water, e.g. hydrocarbons, either during or after the reac-
tion; in particular, the reaction mixture does not comprise any
solvents other than water or the protic solvents mentioned
(either during or after the reaction).

The reaction of the starting components can be carried out
at atmospheric pressure and, for example, temperatures of
from 5 to 100° C., in particular from 5 to 50° C., particularly
preferably from 10 to 40° C.

The starting components can be combined in any order.

The reaction can be carried out batchwise, semicontinu-
ously or continuously. In the semicontinuous mode of opera-
tion, it is possible, for example, to place at least one starting
compound in a reaction vessel and feed in the remaining
starting components.

In the continuous mode of operation, the starting compo-
nents are combined continuously and the product mixture is
discharged continuously. The starting components can be
introduced individually or as a mixture of all or part of the
starting components. In a particular embodiment, the amine
and the acid are mixed beforehand and fed in as one stream,
while the other components can be fed in individually or
likewise as a mixture (2nd stream).

Ina further particular embodiment, all starting components
comprising carbonyl groups (i.e. the a-dicarbonyl com-
pound, the aldehyde and the hydrogen acid of the anion X if
this is a carboxylate) are mixed beforehand and fed in jointly
as one stream; the remaining amine is then introduced sepa-
rately.

The continuous preparation can be carried out in any reac-
tion vessels, e.g. a stirred vessel. Preference is given to car-
rying it out in a cascade of stirred vessels, e.g. from 2 to 4
stirred vessels, or in a tube reactor.

The reaction mixture obtained is generally dark in color
because of by-products. A lightening of the color of the reac-
tion mixture can in the present case surprisingly be achieved
by means of oxidation.

For this purpose, the reaction mixture obtained can be
treated with an oxidant. The oxidant can be, for example,
gaseous or liquid. A particularly useful oxidant is gaseous
oxygen which is brought into contact with the reaction mix-
ture in a suitable way, e.g. by means of pressure and/or intro-
duction beneath the surface of the liquid.

Further suitable oxidants are, in particular, liquid oxidants,
in particular oxidants which are dissolved in suitable solvents
which are miscible with the reaction mixture. Particularly
useful solvents are water, solvents which are miscible with
water and mixtures thereof.

As solvents which are miscible with water, particular men-
tion may be made of protic solvents, preferably aliphatic
alcohols or ethers having a maximum of 4 carbon atoms, e.g.
methanol, ethanol, methyl ethyl ether, tetrahydrofuran. Suit-
able protic solvents are miscible in any ratio with water (at 1
bar, 21° C.).

The oxidant is preferably present in solution in water or a
mixture of water with the above protic solvents; it is particu-
larly preferably present as a solution in water.

Suitable oxidants are known to those skilled in the art.
Oxidants are compounds having a high electron affinity (elec-
trophilicity). Strongly electrophilic compounds which are
therefore suitable as oxidant are, for example, oxygen and
oxygen-comprising per compounds, in particular hydrogen
peroxide, metal peroxides or organic peroxides, e.g. sodium
persulfate or tert-butyl hydroperoxide, inorganic and organic
peracids, e.g. periodic acid or percarboxylic acids, and also
other compounds such as sulfur or metal compounds in high
oxidation states (e.g. iron(IIl) compounds, manganese diox-
ide, potassium permanganate, chromic acid, chromic anhy-
dride, lead dioxide or lead tetraacetate).
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Preference is given to gaseous oxygen and in particular
hydrogen peroxide, preferably in the form of solutions as
above, in particular as from 10 to 40% strength by weight
solution.

The amount of oxidant is selected according to require-
ments; per 1 mol of imidazolium salt (on the basis of the
amount theoretically obtained from the reaction mixture), itis
possible to use, for example, from 0.1 to 20 mol, preferably

from 0.5 to 10 mol, of oxidant.
S . 10
The oxidation can, for example, be carried out at tempera-

tures of from 20 to 100° C., in particular from 50 to 90° C.,
under atmospheric pressure until the color of the mixture
becomes lighter.

Water and/or other solvent (see above), preferably water, is
preferably distilled off directly from the reaction mixture, i.e.
no entrainer (e.g. an organic solvent which is not miscible
with water, is used.

15

8
-continued
- - CH,;CO0"
\ / N N/ \N+/\
o o -3H0 A

Stirring speeds: Reaction vessel: 350 rpm

Apparatus: 6 1 four-neck flask, Teflon half-disk stirrer, ther-
mometer, condenser, dropping funnel

Batch:

Substance

252.1 g 8.15 mol of paraformaldehyde 97% strength and

325 g 18.04 mol of water placed in a reaction vessel

1048.7 g 16.27 mol of ethylamine 70% strength in water added dropwise
488.9 g 8.15 mol of glacial acetic acid added dropwise

1181.4 g 8.15 mol of glyoxal 40% strength in water added dropwise

Time Temperature

8:55

9:35

9:50
10:35

11:10
11:30

10°C.

23°C.

Paraformaldehyde and water placed in a reaction vessel, white suspension,
ethylamine added dropwise at 20-30° C., exothermic reaction, cooling in an ice bath
After half of the amine has been added, the exothermic reaction abates and a clear
solution is formed

End of addition, mixture stirred for another 30 min at RT

Glacial acetic acid added dropwise at 20-30° C., exothermic reaction, cooling in an
ice bath, white mist formed

End of addition, two clear phases, mixture stirred for a further 20 min at RT
Glyoxal added dropwise at 20-35° C., the mixture becomes a single phase and

changes color from yellow to blackish brown

12:00

End of addition, mixture stirred overnight at RT

The water and/or other solvent can be separated off before .
or after the above-described oxidation. If an oxidation is
carried out, the water is preferably separated off afterwards.

Excess acid (HX) is preferably neutralized, e.g. by means
of alkali metal hydroxide, in particular sodium hydroxide.
The salt formed (NaX) can preferably be precipitated by
addition of a suitable solvent such as acetonitrile or methanol
and be removed from the mixture. The solvent used can then
be separated off again, e.g. by distillation.

In the process of the invention, imidazolium salts are
obtained in high purity and yield by means of an only single-
stage reaction. The measures for the reaction and work-up are
simple to carry out. Undesirable salts such as ammonium salts
which can be removed only with difficulty are not obtained in
the process of the invention. Excess acid can easily be
removed. In particular, the process can also be carried out
continuously.

40
45

50

EXAMPLES
55
1. Example

Preparation of 1,3-diethylimidazolium acetate
(EEIM acetate)

60
Reaction Equation:

)]\ v /\NHZ - )J\ )
H OH

65

Work-up:

The blackish brown product mixture obtained was heated
to 70° C. (pH 6.68) and 1.5 kg of hydrogen peroxide 30%
strength were added dropwise at 70-80° C. over a period of
about 1 hour. After the addition was complete, a lightening of
the color was observed (pH 6.33). The mixture was stirred for
another 4 hours at 80° C. (no gas evolution), resulting in a
further lightening of the color (light orange, (pH 6.08)).

The stirring speed was increased to 480 rpm and about 375
g of NaOH 40% strength was added dropwise over about 1.5
hours to neutralize excess acid. The temperature stayed at 65°
C. without further heating, and the pH increases to 9.5 with
very vigorous evolution of gas (decomposition of hydrogen
peroxide, H,O,). The temperature rose to 95° C. at pH 10.3.
The addition was stopped and the mixture was stirred over-
night at room temperature (RT) (lightening of the color to
yellow).

The product mixture (pH 11.2) was evaporated on a rotary
evaporator, 1.5 kg of acetonitrile were added and the mixture
was stirred overnight. The sodium salt of the excess acid
precipitates and is separated off. The mixture was then evapo-
rated on a rotary evaporator.

A total of 1444.14 grams of product (EEIM acetate,
1H-NMR) were obtained.
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10

with examples 2 to 11

Exam- Further Product
ple Starting starting (determined by
No. material 1 materials Work-up and procedure (1H NMR)
2 /\ NI (€] 1eqof ‘?thyla.min?T élidded dropwise to a ST o
2 suspension comprising 1 eq of Nt
o paraformaldehyde in H,O at <31° C. /
sltrzlig(;l?i/; H H (exothermic reaction, ice bath). Mixture \ :
O 1 07 stirred further for about 30 minutes. N O
20) sfrgégﬂl)o Mixture cooled to about 3° C. by means of |
N an ice bath and 1 eq of methylamine run
NH, Q O in at 3-5° C. Mixture of products
1 eq (40% 1 eq of glacial acetic acid added MMIM* acetate/EEIM* acetate/EMIM* Acetate
" 4o dropwise at <20° C. (exothermic reaction, 1:1.25:2.13
S r?fg(;h m H H ice bath), 2-phase mixture
20) 1 eq of glyoxal solution added
1 eq (40% (exothermic reaction, ice bath,
strength in homogeneous) and mixture stirred at RT
H,0) for 5 days. Mixture evaporated to dryness
o on a rotary evaporator (black-brown oil)
OH
leq
pK,=:4.75
3 /\ O 1 eq of ethylamine added dropwise to a /ST
NH, suspension comprising 1 eq of Nt O
P 70% paraformaldehyde in H,O at <31° C. /
s U‘Z‘}léﬂl i; H H (exothermic reaction, ice bath). Mixture \ HO
O 1 07 stirred further for about 30 minutes. N O
20) sfrgégﬂl)o Cooled to about 3° C. by means of ice |
bath and 1 eq of methylamine run in
9 O at 3-3° C.
1 eq of glycolic acid added dropwise at
<20° C (exothermic reaction, ice bath), 2-
H H phase mixture. .
1 eq of glyoxal solution added
1eq (40% (exothermic reaction, ice bath,
strength in homogeneous) and mixture stirred at RT
H,0) for 5 days. Mixture evaporated to dryness
on a rotary evaporator (black-brown oil)
e}

o L
OH

leq
pK, 3.0
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TABLE 1-continued

with examples 2 to 11

Exam- Further Product
ple Starting starting (determined by
No. material 1 materials Work-up and procedure (1H NMR)

4 NH, (€] ED1 added dropwise to a suspension
comprising 1 eq of paraformaldehyde in
toluene at 20-30° C. (slightly exothermic
H H reaction, cooling in an ice bath). Mixture
stirred further at RT for 10 minutes, turbid
1 ¢q (96% 1 eq of decanoic acid dissolved i
strength) eq of decanoic acid dissolved in
toluene added dropwise at 20-30° C. over
0] O a period of about 20 minutes (slightly
exothermic reaction, cooling in an ice
bath, slightly foamy). Mixture stirred f N*
H H further for about 30 minutes. 1 eq of / )
glyoxal solution added dropwise to the
2eq 1 eq (40% milky suspension at 20-30° C. over a N
strength in period of about 4 hours (85-110° C.
H,0) Internal temperature).

Mixture evaporated to dryness on a

rotary evaporator (black-brown oil)
O
e}

HO
leq
5 NH, (€] 2 eq of ED1 added dropwise to a
suspension comprising 1 eq of
paraformaldehyde in H,O at 20-30° C.
H H (exothermic reaction, ice bath). Mixture
stirred further for about 10 minutes.
1eq(97% . .
strength) 1 eq of propionic acdl addedld.roplwwe at
20-30° C. (exothermic reaction, ice bath,
o) O 2-phase mixture, yellow-orange turbid
suspensions, stirred further for about
30 minutes. i N*
H H 1 eq of glyoxal solution added dropwise / )
at 20-30° C. (exothermic reaction, ice
2eq 1 eq (40% bath) and stirred overnight at RT (water N
strength in cooling).
H,0) The reddish, heterogeneous mixture

evaporated at max 70° C./4 mbar on a
rotary evaporator (reddish brown oil)

(¢]
pH (10% strength solution in EtOH/H,O
4:1 of R1) = 6.50,
OH

H,0 nKF = 1.2050%

Product dissolved in acetonitrile and
admixed with 1M KOH/EtOH, stirred at
RT for about 2 hours, solid filtered off
with suction, K1. Filtrate evaporated (oil,
comprises solid)

pH (10% strength solution in EtOH/H,O
4:1 of R1) = 840

again stirred overnight in acetonitrile at
RT, solid filtered off with suction, filtrate
evaporated (reddish brown oil)

leq
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TABLE 1-continued

with examples 2 to 11

Exam-
ple
No.

Starting

material 1

Further
starting

materials

Product
(determined by
Work-up and procedure (1H NMR)

NH,

NH,

e}

PR

H H

1eq(97%
strength)

H H

1 eq (40%
strength in
H0)

e}

2 eq of ED1 added dropwise to a

suspension comprising 1 eq of

paraformaldehyde in H,O at 20-30° C.

(exothermic reaction, ice bath). Mixture

stirred further for about 10 minutes.

1 eq of benzoic acid added a little at a

time by means of a spatula at 20-30° C. 0
(exothermic reaction, ice bath, yellow
clear suspension), mixture stirred further
for about 30 minutes.

1 eq of glyoxal solution added dropwise

at 20-30° C. (exothermic reaction, ice
bath) and mixture stirred overnight at RT
(water cooling).

The heterogeneous mixture transferred to
a single-neck flask and evaporated at

max. 70° C./4 mbar on a rotary evaporator,
R1 (reddish brown oil which crystallizes
through).

(o

OH A yellowish solid remains adhering to the

)(L
H H
1eq(97%
strength)

O, O
H H
1 eq (40%

strength in
H,0)

u
OH

leq

wall in the reaction flask; this is
transferred by means of toluene into a
single-neck flask and evaporated at max.
70° C./4 mbar, R2.

R1 and R2 combined (R3)

R3 dissolved in EtOH/acetonitrile and
admixed with 1M KOH/EtOH, stirred at
RT for about 1 hour, solid filtered off with
suction, K1. Filtrate evaporated, R40
solid)

pH (10% strength solution in EtOH/H,O
4:1 of R4) = 8.01

R4 again stirred overnight in acetonitrile
at room temperature (RT)T, solid filtered
off with suction, filtrate evaorated, R5
(reddish brown solid)

2 eq of ED1 added dropwise to a
suspension comprising 1 eq of
paraformaldehyde in H,O at 20-30° C.
(exothermic reaction, ice bath). Mixture
stirred further for about 10 minutes.

1 eq of propionic acid added dropwise at
20-30° C. (exothermic reaction, ice bath),
mixture stirred further for about 30
minutes.

1 eq of glyoxal solution added dropwise f N* o
at 20-30° C. (exothermic reaction, ice / )

bath) and stirred overnight at RT (water

cooling). N

The heterogeneous mixture evaporated

at max 70° C./4 mbar on a rotary

evaporator, R1 (dark brown oil)

R1 dissolved in acetonitrile and admixed

with 1M KOH/EtOH, stirred at RT for

about 2 hours, solid filtered off with

suction, K1. Filtrate evaporated, R2 (oil,

comprises solid)

R2 again stirred in acetonitrile at RT for

5 hours, solid filtered off with suction,

filtrate evaporated, R3 (reddish brown oil)
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TABLE 1-continued

16

with examples 2 to 11

Exam- Further Product
ple Starting starting (determined by
No. material 1 materials Work-up and procedure (1H NMR)
8 HO [e] 2 eq of ED1 added dropwise to a solution OH
comprising 1 eq of formalin, 1 eq of /\/
glyoxal solution and 1 eq of Ch3COOH at Nt O
H 0 <40° C. (exothermic reaction, cooling in an / \
NH, 1 16.5% ice bath). Mixture stirred at RT over the )
€q (36. 70 weekend. The light-brown solution N O
2eq strength in changes into a dark-brown solution.
H0) Mixture evaporated at max 70° C./4 mbar
fo) o) on a rotary evaporator, R1 (blackish-
brown oil)
OH
H H
1 eq (40%
strength in
H,0)
e}
)J\OH
leq
9 /\ O 1 eq of glyoxal solution and 1 eq of
NH, formalin and 1 eq of glacial acetic acid N+/ [e]
o are placed in a reaction vessel (slightly
1eq (70% X ; \
. H 0 exothermic reaction), homogeneous.
strength in . . _
1,0) 1 eq (36.5% 1 eq of ethylamine + 1 eq of methylamine N O
2 q (2697 added dropwise at <35° C. (exothermic
~N strength in reaction, cooling in an ice bath). The |
NH; H0) solution stirred overnight at RT. S~
fo) o) The dark brown solution evaporated on a i o)
Leq (40% rotary evaporator, R1 (blackish brown oil) N
strength in ’ / ) )}\
H,0) E f [ .
H H N ©
1 eq (40% |
strength in ST
H,0) N* o
o S PN
N o
OH )
leq
MMIM* acetate/EEIM*
acetate
25:25:50
10 O 1 eq of glyoxal soution and
1 eq of formalin and
1 eq of glacial acetic acid are placed in a o
NH, H 0 reaction vessel (slightly exothermic reaction), Nt
homogeneous. !/
Zeq leq (36'5,% 2 eq of tert-butylamine added dropwise at ) )ko_
strength in <30° C. (exothermic reaction, cooling in an ice N
H0) bath). The turbid solution admixed with
fo) o toluene, stirred overnight at RT.
Mixture evaporated, R1 (dark brown viscous
oil having a solids content)
Cryistallization by means of toluene, EE,
H H butanol, isopropanol
1 eq (40%
strength in
H,0)
e}
OH
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TABLE 1-continued
with examples 2 to 11
Exam- Further Product
ple Starting starting (determined by
No. material 1 materials Work-up and procedure (1H NMR)
11 O 1 eq of glyoxal solution and 1 eq of formalin
and 1 eq of glacial acetic acid are placed in a o
reaction vessel (slightly exothermic reaction), N*
H H homogeneous. / \
1 16.5% 2 eq of benzylamine added dropwise at o
eq (36. 70 <30° C. (exothermic, cooling in an ice bath, N
NH strength in solid precipitates). Toluene added, the
2 H0) mixture stirred at RT over the weekend.
4 fo) o) Mixture (2 phases) evaporated (dark brown
oil, not homogeneous)
Product distributed in toluene and H,0. H,O
phase evaporated on a rotary evaporator (dark
H H brown oil). Toluene phase evaporated (dark
1 eq (40% brown oil).
strength in
H,0)
O
)J\OH
leq
Abbreviations:
1 eq, 2 eq corresponds to 1 mol, 2 mol
MMIM: 1,3-dimethylimidazolium
EEIM: 1,3-diethylimidazolium
EMIM: 1-ethyl-3-methylimidazolium
Example 12

Continuous Preparation of 1,3-diethylimidazolium
Acetate (EEIM Acetate)

Molar ratio of the starting materials glyoxal (Gly), form-
aldehyde (FA), acetic acid or glacial acetic acid (AA), ethy-
lamine (EA):

Gly:FA:AA:EA=1:1:1:2

The carbonyl components (Gly, FA and AA) were mixed
beforehand and introduced continuously as feed stream 1.
Feed Stream 1:

8 mol of glyoxal (40% strength), 8 mol of formaldehyde (40%
strength), 8 mol of glacial acetic acid,

total: 2249 ¢

Feed Stream 2:

16 mol of ethylamine (70% strength); 1029 g

Feed stream 1 was fed at 8.73 ml/hour and feed stream 2
was fed at 5.97 ml/hour into the first stirred vessel of a cascade
of two stirred vessels.

The experiment was carried out at various temperatures:

Residence time Temperature Yield of EEIM
Experiment minutes °C. (1 H-NMR), mol %
12a 22 24 85
12b 30 40 96
12¢ 30 60 79

The invention claimed is:

1. A process for preparing a 1,3-disubstituted imidazolium
salt represented by the following formula I:
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65

wherein

each of R1 and R3 is, independently of one another, a
C1-C10-alkyl group,

each of R2, R4 and RS is, independently of one another, an
H atom or a C1-C10-alkyl group,

X is the anion of a hydrogen acid having a pK, of at least 2,
measured at 25° C., 1 bar in water or dimethy] sulfoxide,
and

nis 1, 2 or 3,

the process comprising:

reacting an o-dicarbonyl compound, an aldehyde, an
amine and the hydrogen acid of the anion X~ with one
another in a single stage, thereby obtaining a reaction
product,

wherein the reacting is carried out in water, a solvent which
is miscible with water or a mixture thereof, and the
solubility of the imidazolium salt is at least 50 grams per
1 liter of water at 1 bar and 21° C.,

wherein X is selected from the group consisting of a ben-
zoate anion, an anion of a C1-C20 alkanecarboxylic
acid, and a mixture thereof,

wherein the reaction mixture does not comprise a hydro-
phobic organic solvent which is immiscible with water,
and wherein removal of said water or solvent after the
reaction is carried out without using a hydrophobic
organic solvent which is immiscible with water.
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2. The process according to claim 1, wherein R1 and R3 are
the same and the imidazolium salt is a symmetrical, disubsti-
tuted imidazolium salt.

3. The process according to claim 1, wherein the imidazo-
lium salt is a mixture of imidazolium salts of the formula I.

4. The process according to claim 1, wherein n is 1.

5. The process according to claim 1, wherein the pK , of the
hydrogen acid of the anion X is from 3 to 8.

6. A process for preparing a 1,3-disubstituted imidazolium
salt represented by the following formula I:

wherein

each of R1 and R3 is, independently of one another, a
C1-C10-alkyl group,

each of R2, R4 and RS is, independently of one another, an
H atom or a C1-C10-alkyl group,

X is the anion of a hydrogen acid having a pK , of at least 2,
measured at 25° C., 1 bar in water or dimethy] sulfoxide,
and

nis 1,2 or 3,

the process comprising:

reacting an ca-dicarbonyl compound, an aldehyde, an
amine and the hydrogen acid of the anion X~ with one
another in a single stage, thereby obtaining a reaction
product,

wherein the reacting is carried out in water, a solvent which
is miscible with water or a mixture thereof, and the
solubility of the imidazolium salt is at least 50 grams per
1 liter of water at 1 bar and 21° C.,

wherein X is the anion of a compound having at least one
carboxylate group.

7. The process according to claim 6, wherein X is the

acetate anion.

8. The process according to claim 1, wherein the a-dicar-

bonyl compound is a compound represented by the following
formula IT

R4-CO—CO—RS 11,

wherein R4 and RS are as defined in claim 1.

9. The process according to claim 8, wherein the a-dicar-
bonyl compound is glyoxal.

10. The process according to claim 1, wherein the aldehyde
is an aldehyde of the formula R2-CHO, where R2 is as defined
in claim 1.

11. The process according to claim 1, wherein the amine is
an amine of the formula R1-NH2 or a mixture of amines
having different radicals R1.

12. The process according to claim 1, wherein the hydro-
gen acid of the anion X is a C1-C20 alkanecarboxylic acid.

13. The process according to claim 1, wherein the hydro-
gen acid of the anion X is acetic acid.
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14. The process according to claim 1, wherein the reaction
is carried out in water.

15. The process according to claim 1, wherein the water or
the water-comprising solvent mixture is distilled off without
use of an entrainer after the reaction.

16. The process according to claim 1, wherein the process
is carried out continuously.

17. The process according to claim 1 which is carried out
continuously and in which the a-dicarbonyl compound, the
aldehyde and, optionally, the hydrogen acid of the anion X,
are mixed beforehand and fed together as one feed stream into
the reaction vessel.

18. The process according to claim 1, wherein the reaction
product obtained is treated with an oxidant.

19. The process according to claim 18, wherein the oxidant
is hydrogen peroxide.

20. A process for preparing a 1,3-disubstituted imidazo-
lium salt represented by the following formula I:

wherein

each of R1 and R3 is, independently of one another, an
organic radical having from 1 to 20 carbon atoms,

each of R2, R4 and RS is, independently of one another, an
H atom or an organic radical having from 1 to 20 carbon
atoms,

X is the anion of a hydrogen acid having a pK, of at least 2,
measured at 25° C., 1 bar in water or dimethy] sulfoxide,
and

nis 1, 2 or 3,

the process comprising:

reacting an o-dicarbonyl compound, an aldehyde, an
amine, and the hydrogen acid of the anion X~ in a reac-
tion mixture with one another in a single stage, thereby
obtaining a reaction product,

wherein the reacting is carried out in water, a solvent which
is miscible with water or a mixture thereof, with the
proviso that the reaction mixture does not comprise a
hydrophobic organic solvent which is immiscible with
water during and/or after the reaction.

21. The process of claim 1, which is a continuous process.

22. The process of claim 6, which is a continuous process.

23. The process of claim 20, which is a continuous process.

24. The process of claim 6, wherein the reaction mixture

does not comprise a hydrophobic organic solvent which is
immiscible with water, and wherein removal of said water or
solvent after the reaction is carried out without using a hydro-
phobic organic solvent which is immiscible with water.

25. The process of claim 20, wherein removal of said water

or solvent after the reaction is carried out without using a
hydrophobic organic solvent which is immiscible with water.
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